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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a thin-film superconductive wire material having high critical current 
density in the construction that an RE123 superconductive layer is formed on a metal tape substrate, and a 
production process thereof. 

SOLUTION: The production process of the thin- film superconductive wire material lOA comprises the steps of 
forming an intermediate layer 2 on a metal tape substrate 1, forming a first superconductive layer 3 having an RE123 
composition as a diffusion-preventing layer on the intermediate layer 2 and forming a second superconductive layer 4 
having an RE123 composition so as to come into contact with the first superconductive layer 3. 
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JP2003-323822A - Computer generated translation 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a thin film superconducting wire material 
characterized by comprising the following. 

A process of forming the 1st superconductivity layer that has the presentation of RE123 
system on a metal tape substrate. 

A process of forming the 2nd superconductivity layer that has the presentation of RE123 
system so that said 1st superconductivity layer may be touched. 

[Claim 2] A manufacturing method of the thin film superconducting wire material 
according to claim 1 having further a process of forming an interlayer between said metal 
tape substrate and said 1st superconductivity layer. 

[Claim 3] A manufacturing method of the thin film superconducting wire material 
according to claim 1 or 2, wherein temperature at the time of membrane formation of said 
2nd superconductivity layer is higher than temperature at the time of membrane 
formation of said 1st superconductivity layer. 

[Claim 4]A manufacturing method of the thin film superconducting wire material 

according to claim 3, wherein oxygen tension at the time of membrane formation of said 

2nd superconductivity layer is higher than oxygen tension at the time of membrane 

formation of said 1st superconductivity layer. 

[Claim 5] A thin film superconducting wire material comprising: 

A metal tape substrate. 

The 1st superconductivity layer containing an ingredient which is formed on said metal 
tape substrate, has the presentation of RE123 system, and is contained in construction 

material of a ground. 

The 2nd superconductivity layer that does not contain an ingredient which is formed so 
that said 1st superconductivity layer may be touched, and has the presentation of RE123 
system, and is contained in construction material of said ground. 

[Claim 6] The thin film superconducting wire material according to claim 5 having further 
an interlayer formed between said metal tape substrate and said 1st superconductivity 
layer. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to a thin film superconducting 
wire material in which the superconductivity layer which has the presentation of RE 123 
system was formed on the metal tape substrate, and a manufacturing method for the same 
about a thin film superconducting wire material and a manufacturing method for the 
same. 
[0002] 

[Description of the Prior Art] When forming a superconductivity thin film of RE 123 
system like the presentation of RE1B2C3O7 on a monocrystal substrate, high critical 
current density (Jc) is obtained, but when forming on a metal tape substrate, high critical 
current density is difficult to get. In the case of a monocrystal substrate, this 
aluminumiOs, LaAI03, Since oxide substrates, such as MgO, are used, it is hard to 
produce the diffusion reaction of a substrate and a superconductivity thin film, but it is 
because the diffusion reaction of stainless steel, nickel (nickel) alloy, a silver (Ag) alloy, 
etc. which are used for a metal tape substrate, and a superconductivity thin film will arise 
in the case of a metal tape substrate. 

[0003] "RE" of the above "RE1B2C3O7" ~ a rare earth element (for example, yttrium) ~ 
"B" means barium (Ba), "C" means copper (Cu), and "O" means oxygen (O). 
[0004]It improves, junction between crystal grains also becomes firm, and the 
compactness of the crystal of RE123 system can attain the high critical current density Jc, 
so that the temperature at the time of membrane formation by a gaseous phase method 
(laser evaporation, a sputtering technique, an electron beam method) is high. However, as 
for a metal tape substrate, the diffusion reaction of a substrate and a superconductivity 
thin film serves as activity at an elevated temperature for metal. For this reason, generally 
by a gaseous phase method, temperature at the time of membrane formation was not able 
to be made into the elevated temperature. 
[0005] 

[Problem(s) to be Solved by the Invention]In order to prevent the above-mentioned 
diffusion reaction, interlayers, such as cerium oxide (CeOi) and yttria stabilized zirconia 
(YSZ), are formed between a metal tape and a superconductivity layer. 
[0006]However, since an interlayer's selenium (Ce), yttrium (Y), etc. react to the 
superconductivity layer of RE 123 system, even if it provides an interlayer, the high 
critical current density Jc like [ in the case of forming a superconductivity layer on a 
monocrystal substrate ] is not obtained. 

[0007]So, the purpose of this invention is to provide a thin film superconducting wire 
material which has high critical current density in the composition which forms the 
superconductivity layer of RE123 system on a metal tape substrate, and a manufacturing 
method for the same. 

[0008] 

[Means for Solving the Problem]A manufacturing method of a thin film superconducting 
wire material of this invention is provided with the following. A process of forming the 
1st superconductivity layer that has the presentation of RE 123 system on a metal tape 



substrate. A process of forming the 2nd superconductivity layer that has the presentation 
of RE123 system so that the 1st superconductivity layer may be touched. 
[0009]According to the manufacturing method of a thin film superconducting wire 
material of this invention, since the 1st superconductivity layer turns into a diffusion 
prevention layer, a metallic element of a metal tape substrate can be prevented from 
being spread in the 2nd superconductivity layer. The 2nd superconductivity layer can be 
prevented from carrying out a diffusion reaction to a metal tape substrate by this, and 
high critical current density can be obtained. 

[0010]Since the 1st superconductivity layer used as a diffusion prevention layer consists 
of the substantially same construction material as the 2nd superconductivity layer, a 
diffusion reaction does not arise between the 1st superconductivity layer and the 2nd 
superconductivity layer. 

[001 1]"RE123 system" as used in RExBayCuzOy-d in this appUcation specification means 
being 0.7<=x<=1.3, 1.7<=y<=2.3, and 2.7<=z<=3.3. RE of "RE123 system" means 
construction material of a rare earth element and a yttrium element which contains either 
at least. As a rare earth element, neodymium (Nd), gadolinium (Gd), HORUMINIUMU 
(Ho), samarium (Sm), etc. are contained, for example. 

[0012]In a manufacturing method of the above-mentioned thin film superconducting wire 
material, it has further preferably a process of forming an interlayer between a metal tape 
substrate and the 1st superconductivity layer. 

[0013]Thus, since the 1st superconductivity layer functions as a diffusion prevention 
layer even when an interlayer is provided, the 2nd superconductivity layer can be 
prevented from carrying out a diffusion reaction to an interlayer, and high critical current 
density can be obtained. 

[0014]In a manufacturing method of the above-mentioned thin film superconducting wire 
material, temperature at the time of membrane formation of the 2nd superconductivity 

layer is higher than temperature at the time of membrane formation of the 1st 
superconductivity layer preferably. 

[0015]By making low temperature at the time of membrane fomiation of the 1st 
superconductivity layer, it can control that the 1st superconductivity layer carries out a 
diffusion reaction to grounds, such as a metal tape. By making high temperature at the 
time of membrane formation of the 2nd superconductivity layer, it improves, junction 
between crystal grains also becomes firm, and the compactness of a crystal of the 2nd 
superconductivity layer of RE 123 system can attain the high critical current density Jc. 
Thus, by controlling temperature at the time of membrane formation of each class, a thin 
film superconducting wire material which is a diffusion reaction and which has a high 
critical current value while being able to control can be obtained. 

[0016]In a manufacturing method of the above-mentioned thin film superconducting wire 
material, oxygen tension at the time of membrane formation of the 2nd superconductivity 

layer is higher than oxygen tension at the time of membrane formation of the 1st 
superconductivity layer preferably. 

[0017]Usually, in a superconductivity layer of RE123 system, since the melting point of a 
superconductivity layer will become high if oxygen tension at the time of membrane 
formation becomes high, it becomes possible to make temperature at the time of 
membrane formation into an elevated temperature. Since this is enabled to form the 2nd 
superconductivity layer at an elevated temperature rather than the 1st superconductivity 



layer, as mentioned above, the compactness of a crystal of the 2nd superconductivity 
layer improves, junction between crystal grains also becomes firm, and the high critical 
current density Jc can be attained. 

[00 18] A thin film superconducting wire material of this invention is provided with the 
following. 

Metal tape substrate. 

The 1st superconductivity layer. 

The 2nd superconductivity layer. 

The 1st superconductivity layer contains an ingredient which is formed on a metal tape 
substrate, has the presentation of RE 123 system, and is contained in construction material 
of a ground. The 2nd superconductivity layer does not contain an ingredient which is 
formed so that the 1st superconductivity layer may be touched, and has the presentation 
of RE 123 system, and is contained in construction material of a ground. 
[00 19] According to the thin film superconducting wire material of this invention, since 
the 1st superconductivity layer turns into a diffusion prevention layer, a metallic element 
of a metal tape substrate can be prevented from being spread in the 2nd superconductivity 
layer. The 2nd superconductivity layer can be prevented from carrying out a diffusion 
reaction to a metal tape substrate by this, and high critical current density can be 
obtained. 

[0020]Since the 1st superconductivity layer used as a diffusion prevention layer consists 
of the substantially same construction material as the 2nd superconductivity layer, a 
diffusion reaction does not arise between the 1st superconductivity layer and the 2nd 
superconductivity layer. 

[0021]In the above-mentioned thin film superconducting wire material, it has further 
preferably an interlayer formed between a metal tape substrate and the 1st 
superconductivity layer. 

[0022]Thus, since the 1st superconductivity layer functions as a diffusion prevention 
layer even when an interlayer is provided, the 2nd superconductivity layer can be 
prevented from carrying out a diffusion reaction to an interlayer, and high critical current 
density can be obtained. 

[0023] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described 

based on figures. 

[00241 Drawing 1 is a partial section perspective view showing roughly the composition 
of the thin film superconducting wire material in the 1 embodiment of this invention. 
With reference to drawing 1 , the thin film superconducting wire material 10 in this 
embodiment is provided with the following. 
Metal tape substrate 1. 
Interlayer 2. 

The 1st superconductivity layer 3. 
The 2nd superconductivity layer 4. 

[0025]The metal tape substrate 1 consists of construction material of stainless steel, a 
nickel alloy (for example, Hastelloy), a silver alloy, etc., for example. The interlayer 2 is 
a diffusion prevention layer, for example, consists of construction material, such as 



cerium oxide, YSZ, magnesium oxide, yttrium oxide, ytterbium oxide, and barium 
zirconia, and is formed on the metal tape substrate 1 . 

[0026]The 1st superconductivity layer 3 is formed on the interlayer 2, including the 
ingredient which has the presentation of RE123 system and is contained in the 
construction material of a ground (interlayer 2). The 2nd superconductivity layer 4 does 
not contain the ingredient which is formed so that the 1st superconductivity layer 3 may 
be touched, and has the presentation of RE123 system, and is contained in the 
construction material of a ground (interlayer 2). The 1st and 2nd superconductivity layers 
3 and 4 consist of construction material of the same presentation substantially, and 
consist of H01B2C3O7, for example. 

[0027]As shown in drawing 2 , the conventional thin film superconducting wire material 
1 10 is provided with the following. 
Metal tape substrate 101. 
Interiayer 102. 
Superconductivity layer 103. 

As compared with this conventional composition, a superconductivity layer consists of 
two-layer [ of the 1st and 2nd superconductivity layers 3 and 4 ], and the composition of 
this embodiment differs in the point (that is, the metallic element in the interlayer 2 is 
prevented from being spread in the 2nd superconductivity layer 4) that the 1st 
superconductivity layer 3 functions as a diffusion prevention layer. Thereby, with the thin 
film superconducting wire material lOA of this embodiment, the interlayer's 2 metallic 
element is not contained in the 2nd superconductivity layer 4 to the interlayer's 102 
metallic element having been contained in the superconductivity layer 104 in the 
conventional thin film superconducting wire material 110. 
[0028] Although the composition which formed the interlayer 2 in drawing 1 was 
explained, as shown in drawing 3 . the interlayer was omitted, and the 1st 
superconductivity layer 3 may be directly in contact with the surface of the metal tape 
substrate 1. In this composition, since the 1st superconductivity layer 3 functions as a 
diffusion prevention layer, the metallic element of the metal tape substrate 1 is not 
contained in the 2nd superconductivity layer 4. 

[0029] Since the composition of those other than this of the thin film superconducting 
wire material lOB shown in drawing 3 is almost the same as the composition shown in 
drawing 1 mentioned above, the explanation is omitted. 

[0030]The interlayer 2 who shows drawing 1 may be omitted, and as shown in drawing 4, 
a metal tape substrate may be used as the composite tape board of the tape 1 which 
consists of stainless steel, and the tape 5 which consists of silver. Silver is construction 
material which a diffusion reaction with a superconductivity layer does not produce as 
easily as other metal. For this reason, even if it vapor-deposits the superconductivity 
layers 3 and 4 at an elevated temperature directly on the silver larer 5, the characteristic 
of the good critical current density Jc is obtained. 

[0031]Since the composition of those other than this of the thin film superconducting 
wire material IOC shown in drawin£ 4 is almost the same as the composition shown in 
drawing 1 mentioned above, it attaches the numerals same about the same member, and 
omits the explanation. 

[0032]Next, the manufacturing method of the thin film superconducting wire material in 
this embodiment is explained. Drawing 5 is a flow chart showing the manufacturing 



method of the thin film superconducting wire material in the 1 embodiment of this 
invention. With reference to drawin g 1 and dra wing 5 . in the manufacturing method of 
the thin film superconducting wire material of this embodiment. The metal tape substrate 
1 is prepared (Step SI), The interlayer 2 who consists of YSZ(s) is formed on this metal 
tape substrate 1 by the ISD (Inclined Substrate Deposition) method by the PLD (Pulsed 
Laser Deposition) method (laser evaporation) (Step S2). On this interlayer 2, the 1st 
superconductivity layer 3 that has the presentation (for example, H01B2C3O7) of RE123 
system is formed for example, by the PLD method (Step S3). On this 1st 
superconductivity layer 3, the 2nd superconductivity layer 4 that has the presentation (for 
example, H01B2C3O7) of RE123 system is formed for example, by the PLD method (step 
S4), and the thin film superconducting wire material lOA is manufactured by performing 
post-processing. 

[0033] When manufacturing the thin film superconducting wire material lOB shown in 

drawing 3 , the above-mentioned interlayer's 2 formation process (Step S2) is skipped. 
When manufacturing the thin film superconducting wire material IOC shown in drawing 
4, a metal tape substrate is prepared as a composite tape board of the tape 1 which 
consists of stainless steel, and the tape 5 which consists of silver, and the interlayer's 2 
formation process (Step S2) is skipped. 

[0034] According to this embodiment, since the 1st superconductivity layer 3 functions as 
a diffusion prevention layer, the interlayer's 2 (or metal tape substrate 1) metallic element 
can be prevented from being spread in the 2nd superconductivity layer 4. The 2nd 
supeiconductivity layer 4 can be prevented from carrying out a diffusion reaction to the 
inteiiayei- 2 (or metal tape substrate 1) by this, and high critical current density can be 
obtained. 

[0035]Since the 1st superconductivity layer 3 used as a diffusion prevention layer turns 
into the 2nd superconductivity layer 4 from the same construction material substantially, 
a diffusion reaction does not arise between the 1st superconductivity layer 3 and the 2nd 
superconductivity layer 4. 

[0036]As for the temperature at the time of membrane formation of the 2nd 
superconductivity layer 4, in the above-mentioned manufacturing method, it is preferred 
that it is higher than the temperature at the time of membrane formation of the 1 st 
superconductivity layer 3. Thus, by making low temperature at the time of membrane 
formation of the 1st superconductivity layer 3, it can contiol that the 1st 
superconductivity layer 3 carries out a diffusion reaction to the interlayer's 2 (or metal 
tape substrate 1) ground. By making high temperature at the time of membrane formation 
of the 2nd superconductivity layer 4, it improves, junction between crystal grains also 
becomes firm, and the compactness of the crystal of the 2nd superconductivity layer 4 of 
RE123 system can attain the high critical current density Jc. Thus, by contiolling the 
temperature at the time of membrane formation of each class, the thin film 
superconducting wire material lOA (or lOB) which is a diffusion reaction and which has 
a high critical current value while being able to contiol can be obtained. 
[0037]As for the oxygen tension at the time of membrane formation of the 2nd 
superconductivity layer 4, in the above-mentioned manufacturing method, it is preferred 
that it is higher than the oxygen tension at the time of membrane formation of the 1st 
superconductivity layer 3. Usually, in the superconductivity layer of RE123 system, since 
the melting point of a superconductivity layer will become high if the oxygen tension at 



the time of membrane formation becomes high, it becomes possible to make temperature 
at the time of membrane formation into an elevated temperature. Since this is enabled to 
form the 2nd superconductivity layer 4 at an elevated temperature rather than the 1st 
superconductivity layer 3, as mentioned above, the compactness of the crystal of the 2nd 
superconductivity layer 4 improves, junction between crystal grains also becomes firm, 
and the high critical current density Jc can be attained. 

[0038]Since the 1st superconductivity layer 3 functions as a diffusion prevention layer, it 
becomes possible to take the long membrane formation time of the 2nd superconductivity 
layer 4, and thick film-ization (high Ic) of the 2nd superconductivity layer 4 is attained. 
[0039]When formed by the technique (the ISD method and the Rabits (Rolling-Assisted 
Biaxially Textured Substrates) method) of not becoming comparatively precise [ the 
interlayer 2 ], it becomes easy to diffuse a metallic element in a superconductivity layer. 
For this reason, a diffusion reaction can be more effectively prevented by combining this 
embodiment with such an interlayer. 

[0040] As for the 1st of RE 123 system and the 2nd superconductivity layer 3 and 4 in this 

embodiment, it is preferred that in-plane orientation nature is all a c-axis oriented film of 

20 degrees or less. Even if the 1st superconductivity layer 3 that functions as a diffusion 

prevention layer has neither a gap of a presentation nor a certain specific element, it can 

play a role. 

[0041] 

[Example] 

(Example 1) The PLD method (laser evaporation) was used on the nickel alloy tape 
(Hastelloy, 10 mm in width, and 70 micrometers in thickness), and the 2-micrometer- 
thick YSZ interlayer was formed by the ISD method. Although the nickel alloy tape was 
non-orientation, the YSZ interlayer had the biaxial orientation whose in-plane orientation 
nature is about 18 degrees by the effect of ISD. Besides, the H01B2C3O7 film was formed 
by a thickness of 1 micrometer by the PLD method. Film formation conditions are a part 
(= 300sccm) for 13.3 Pa (= lOOmTorr) of oxygen tension, and 300 cm of oxygen flow 
rate and the laser output 50W (lJx50Hz). 

The heater temperature at the time of membrane formation was shaken by 10 ** unit 
from 900 ** to 1000 **. 

As a result, the film with the characteristic (electrization Jc) of a maximum of 0.08 
MA/cm^ (77K, OT) was obtained with the heater temperature of 920 **. In the heater 
temperature of 960 **, the critical current value Jc was 0.07 MA/cm^. 
[0042] On the other hand, the 1st 1 -micrometer H01B2C3O7 film was formed with the 
heater temperature of 900 ** on the same conditions. Then, heater temperature was 
changed with 920 **, 940 **, 960 **, and 980 ** on the still more nearly same 
conditions, and the 2nd 1-micrometer H01B2C3O7 film was formed on it. As a result, at 
the heater temperature of 960 **, the H01B2C3O7 film with the characteristic 
(electrization Jc) of 0.3 MA/cm^ (77K, OT) was obtained. 

[0043]The result observed by SEM (Scanning Electron Microscope), The 2nd upper 
H01B2C3O7 film was a very precise smooth film surface compared with the 1st lower 
layer H01B2C3O7 film. 

[0044] (Example 2) The nickel alloy tape and YSZ interlayer who become a ground are 
manufactured like Example 1, The 1st H01B2C3O7 film was formed for the 1st 
H01B2C3O7 film with the heater temperature of 920 ** by a thickness of 1 micrometer 



like Example 1 on it. Then, the 2nd 1 -micrometer- thick H01B2C3O7 film was shaken like 
Example 1 on it with the heater temperature of 990 **, 1000 **, 1020 **, 1030 **, and 
1040 **, and membranes were formed. 

[0045]As a result, the a maximum of 0.8MA[/cm ] ^ (77K, OT) and Hoi[ which has the 
characteristic (electrization Jc) of 0.6 MA/cm^ (77K OT) also on an average ] B2C3O7 
film was obtained from the heater temperature of 990 ** among 1020 **. At the time of 
such film formation, oxygen tension was considered as a part (= SOOsccm) for 26.6 Pa (= 
200mTorr) and 300 cm of oxygen flow rate ^/. 

[0046]The result of having formed the H01B2C3O7 film of 0.8 micrometer of thickness on 
the same conditions as the H01B2C3O7 film of the upper layer of Example 2 on the 3-inch 
monocrystal substrate of LaA103 as comparison. It is checking that the film which has the 
characteristic (electrization Jc) of 2 - 4.6 MA/cm^ (77K, OT) in a not less than 1000 ** 
field is formed. 

[0047] (Example 3) The PLD method (laser evaporation) is used for the field side of the 
silver tape of the tape substrate (10 mm in width) which made the 30-micrometer-thick 
silver tape composite-ize on the tape which consists of 70-micrometer-thick stainless 
steel, The 1st superconductivity layer that consists of a H01B2C3O7 film was formed by a 
thickness of 1 micrometer. In-plane orientation nature was using what has a biaxial 
stacking tendency which is 16 degrees, and manufactured the silver tape which formed 
superconductivity in one side of the tape substrate by what is called a Rabits method. The 
film formation condition was 900 ** in a part (= lOOsccm) for 13.3 Pa (= lOOmTorr) of 
oxygen tension, and 100 cm of oxygen flow rate the laser output lOOW (IJxlOOHz), 
and heater temperature at the time of membrane formation. The in-plane orientation 
nature of the 1st superconductivity layer at this time was 14 degrees, and the critical 
current density Jc was 0.3 MA/cm^ (77K, OT). 

[0048]The PLD method was further used on the 1st superconductivity layer, and the 2nd 

superconductivity layer that consists of a H01B2C3O7 film was formed by a thickness of 1 
micrometer. The film formation condition was 940 in a part (= lOOsccm) for 26.6 Pa 
(= 200mTorr) of oxygen tension, and 100 cm of oxygen flow rate V, the laser output 
lOOW (IJxlOOHz), and heater temperature at the time of membrane formation. The in- 
plane orientation nature of the 2nd superconductivity layer at this time was 12 degrees. 
Although the measured critical current density Jc was 0.4 MA/cm^ (77K, OT), This 
critical current density Jc serves as average value of each critical current density Jc of the 
1st superconductivity layer and the 2nd superconductivity layer, and the critical current 
density Jc of the parenchyma of the 2nd superconductivity layer was presumed to be 
0.6MA[/cm ] ^ (77K, OT). 

[0049]In this example, the interlayer is not used on the tape substrate. However, since 
silver is construction material which a diffusion reaction with a superconductivity layer 
does not produce easily compared with other metal tapes (nickel, stainless steel, etc.), 
even if it vapor-deposits a superconductivity layer at an elevated temperature directly on 
silver, the characteristic of the good critical current density Jc is obtained. By forming a 
superconductivity layer on such silver by the technique (that is, the technique of forming 
the 2nd superconductivity layer on it by making the 1st superconductivity layer into a 
diffusion prevention layer) of this invention, the thin film superconducting wire material 
which has the characteristic (getting it blocked high critical current density Jc) of the still 
better critical current density Jc was obtained. 



[0050]It should be thought that the embodiment and example which were indicated this 
time are [ no ] illustration at points, and restrictive. The range of this invention is shown 
by the above-mentioned not explanation but claim, and it is meant that a claim, an 
equivalent meaning, and all the change in within the limits are included. 

[0051] 

[Effect of the Invention] Since the 1st superconductivity layer turns into a diffusion 
prevention layer according to a thin film superconducting wire material of this invention, 
and a manufacturing method for the same as explained above, the metallic element of a 
metal tape substrate can be prevented from being spread in the 2nd superconductivity 
layer. The 2nd superconductivity layer can be prevented from carrying out a diffusion 
reaction to a metal tape substrate by this, and the thin film superconducting wire material 
which has high critical current density can be obtained. 

[0052]Since the 1st superconductivity layer used as a diffusion prevention layer consists 
of the substantially same constmction material as the 2nd superconductivity layer, a 
diffusion reaction does not arise between the 1st superconductivity layer and the 2nd 
superconductivity layer. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing H it is a partial section perspective view showing roughly the composition of 
the thin film superconducting wire material in the 1 embodiment of this invention. 
[Drawing 21 It is a partial section perspective view showing roughly the composition of 
the conventional thin film superconducting wire material. 

[Drawing 31 It is a partial section perspective view showing roughly the composition of 
the thin film superconducting wire material which omitted the interlayer from the 
composition of dravving 1 . 

[Drawing 41 It is a partial section perspective view showing roughly the composition of 
the thin film superconducting wire material which oinitted the interlayer using the metal 
tape substrate which composite-ized the silver tape. 

[Drawing 51 It is a flow chart showing the manufacturing method of the thin film 
superconducting wire material in the 1 embodiment of this invention. 

[Description of Notations] 

1 A metal tape substrate and 2 [ A silver larer, lOA, lOB thin film superconducting wire 
material. ] An interlayer and 3 The 1st superconductivity layer and 4 The 2nd 
superconductivity layer and 5 
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tai. -^*Ssfl,SKco*«-^t;:{iA 1 2 O3 , L a A 1 O3 . 

{Z\±±my—rmmzm\-^^flhXy-yVX. --y-tDV 

(N i ) ^ (Ag) -^^^t'tsm^mtcoffi 

mK^t^i txLto t-hThh. 

[0 0 0 3] ^fc, ±fE rREiB2C3 07 J CO TREj 
{i#±ffl7C« ( t iff ^ -y h U ^i. ) & , r B J W N 
y^A(Ba)£. rcj iiiH (Cu) roj(±S 
* (O) |-SiftLTV^§„ 
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[ 0 0 0 4 ] t !^:, Mffi^ ( v~^mm. xn-^ ^ 

«i^h-A?£) izXim:m<^i^S.m\^iil:. r 

E 1 2 3^m^Bmmt\^±.L. ^mmc^^h 

^mi^ztj: 0 . J c I . tzfz 

[0005] 

■t^fz)^. K^C-trU^A (Ce02) , -^'/hyT^g 
iti^jia-T (YSZ) =5:t'fiO*^ii*%«x-TtS 

[00 0 6] Lt^L^s^^h. ^mm^'ti-y (ce) . 

-^-yhU'^A (Y) ^Tt'tREl 2 3^<?)S«#JitK 
KtT 1 4 a cot'. 4'P5il^iS(tT t**Sfia«±tcS 

[0007] ^tLt^>i*l6Hgco@e<j{i:, A«r-7°aK 
20 ±(CRE 1 2 3^£'M»Jl&ffMt-Sffl^tCi3l^TB 

[0008] 

[i^li^»^-rS:t*co^g] *^BflcOffKS«»^« 

(ommuma.. AST-7°*«±tcRE 1 2 3i^co*M 
t:^thm 1 co@«^Ji^ffMt-i.igt , ® 1 comm 
mmiz^-tixdiz^ RE 1 2 3^scom&*t--sm2 

[0009] *^B{|c7)»M^im«ISWcO||^^}£(c j;ix 

30 a; 111 (^mmm^mm.m±n k^j:ifzib.m2com 
mmmiz^mi'-rmm<^±m7immmi-i ztm 
±-ti z. t ii^x'^ zix^zi.y)^m2 <7ym.mmm-b^^ 

m^ymmnhztifix'%h. 
[0010] tfzm.mitmh^j:tmim.mmifw. 
2cnnnmmhm9mzn-mv.k^ti:hfzih. m 
(^mm»m t ® 2 <r>mmmm t <r>mmmKmff^ 1 1 

Zkh^X^\ 

[ 0 0 1 1 ] ^fc, :^wmmmizmii r re 1 2 3 

40 tti. RE.BayCuz07-dtiaV^T, 0. 7Sx 
^l. 3. 1. 7gyg2. 3, 2. 7 z g 3 . 3^ 
fcSit^Slft-rS, tit. TRE 1 2 3i^j CORE 

li. fzt m^Ti-i^J^ (Nd) , ;??>'U-.>i. (G 
d) . (Ho) . ^fV>J'>A (Sm) ^Srf 

[0012] ±mmmmmmmmMm'mzio\^x 
titL<ii. ^m^-r^tmi^Mmmmtcrmz 
50 4'i^ii&j^fig-rsig:6i$<^t<ii^,fiTv^§. 
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[ 0 0 1 3 ] ico i 3 {zipmmimifz^x'i, . m i 

[0014] ±M<nmmmmmm(^mm.ij'mziiux 
[ 0 0 1 5 ] s 1 (?mmmmc^Mmc7y&m^i&< 

coe«»fliOfi!iMB#om&ft<1-^ii:tJ:0. RE 

1 2 3mw.2<r>nnMm<7:^mmwmmm±.L. m 

Bmrac^ffi-^t^Ht^^: 0 . ftV^ffi^«})S^S J c 

mm-th ^h{zi.r)^ m:Kmm\x'% s 1 1 i> t^s 
[0016] ±lE^5iMe«#^ff^o»ji:^-Stcfcc->r 
[0017] RE12 3M)mmmm'z-imm^ 

Kb. ^m^<?:))&mimmz-tlZhiMmb^xi>. Zti 

izx Kim2mmmmim i commmmx o t ffijam 
m-tiztt^^mt^shfzi^. ±MLfzX5izm2com 

[0018] ifwmmmmMmmMit. ±mr-r& 

ixi.fi£3i-^*tf„ m2(7^immm\±. nicoem^st 

L. t--^ymmmz-^ttitm^^t^j:\\ 
[0019] ifmnmmmwmmizimt. m i <n 
mmmmij'^mmii±.m ytj:hfz^.w,2 <r)nmmm t# 

;^xtci 0 , w,2<^n%mmifimir-rm 

[0020] ±tzmmm fc i <mmmifi% 
2<^n%mmhm.mzw-mm.wj:ht^>^. %\ 
(nn%mm tm2 i^mmm t (rmximRmifi^ t h 

[002 1] ±IE<7)ffffi@«^^ftci3V^TIf?a L < 

^m^-rmm.tw.i<^mmmmh<Dmi<zmwL^fi 

[0022]iOj;d {z^^mWitz^Xi. . W. 1 

cnmmmt^mmmmtLxmm-fhfzib. m2cr)m. 
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[0023] 

xmi^z^-iuxmmth. 

[ 0 0 2 4 ] H 1 (i. -^%m(n-m^mm\zi5nm 
mmMWM<mm:m^m{z^^-tmmmmmxh 
mi^mmLx. ^mmmmizanhmmmvm 

10 m■mm3t.m2nmMmAt^:^Lx\^h. 

[00 2 5] AMt-7°»K1(±. /ci:;t«fXTyW 

off®3&^^>^-5Tui.„ ^mm2\t. mmiiMxh 

0. fct;t™k-bU'^A. YSZ. mt-^-Z^-i^^ 

[0026] w.ic^)nnMm3\±. re 1 2 3.^(7^$m 

20 ^cA. fj-'-j^Tm2}L{zfm^tixv^h., m2ff)m.nM 
a 4 ii , ^ 1 !^->mm»m 3 tjgi- ^ j; 3 t^ff^u^ s f u 

-^RE 1 2 3^0ffl)^t^fl-L, t-r)Tm {^mm2) 

M'miz-^t.tihmf^^tA\^. w,\iiixf%2(m% 

Mm3. A\t. ^«eUt=|ilt$McoWia:D^rO. fzb 
;t{fHoiB2C3 07j; D^:-5Tl^l>„ 
[0027] 02 (c.T^-r i 3 1 
1 OJi, #Sr-7°»« 1 0 1 1 , ^fm 1 0 2 i: , S 

30 2 <7)jgm»l 3 , 4 c7) 2 IJ; D ^: '9 . » 1 >?) jUmsiJI 3 

^^raKihii t hxmm-h ( o ^ D ^rsW 2 
imtm 2 t7)sm»)f 4 (cjst$ct h(^ym^-fh) * t 

^tLtiO. <M*tfOff^OT^Mffl 1 

0 x\i%%mm 1 0 4 1 0 2 £7)AM7n**%i 

A-c-tin 2 <7)e«2»Ji 4 c(i43rBiJi 2 <r)m,jmii^^± 

ixXv^i:^VK 

[ 0 0 2 8 ] 0 1 [zii\^x\i^fm2^m^fzmmz'-j 

\-^xmf^LfziiK 03 (c^t-J; 3 {z^WmW^^^K 
40 tOSmH 3 :6i#MT-7°* K 1 tomt'ttS 

ii3AiS£i:l$ihJftLTMtg1--S/^J6, m2iO0«*ii 
4 t{i:^Mr-7°»K 1 t iiT u^r v>« 

[ 0 0 2 9 ] ^fc, m\.z^wfmmmM \ o b^?) 

±aL/cllU=*-tffi«t{3{a'|sIt 

[0030] 111 t^t-pfirBW 2 H 

4 t^-Ti 3 t^MT-7°SR*^yct i(fxr>l-xj; 
D^r^T^-Tl tMJ; D^:l.^-7°5 tc^a^T-7°S 
50 «t§iiT*>j;V\ ffico^MiDtgm^iifccO 
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3. 4 mm 5 ±.mm^^Tmm lt t M^mm^n 
[ 0 0 3 1 ] ^rt3. m4iz^i-mmmmmwmi o ceo 

[ 0 0 3 2 ] j^tc, ^'mm(nmfMzii\^hmwMmmi^ 

~mt%h , El 1 Id 5 LX . *^JScom^ 

mm^ti ix^^yrs 1 ) . ;(?)^s^-7°KKi±{= 

fzbtl>iYSZX'0^j:l'PmM2t>^PLD (Pulsed Las 
er Deposition) m (l^— I SD (Inc 
lined Substrate Deposition) &l,ZX*)fM^tl^ (X 

■f'y7°S2) o ^<7)4'ra/i2±t::. RE12 3Sc0ffl)t 
(T^ctiH'HoiBzCaOv) t:^thW.l(r)mMMm3 

3) , ::<7:)mi(?3|sfl:#ll3±(c. re i 2 3.3f5(50*M : 
(;^ct;itfHoiB2C3 07 ) J^tl>ll2(7)jSm»il4 

WM^jffi-ti 1 1 J; mmmmmwM i o a>&«§ 
[ 0 0 3 3 ] ^fc , m3f,z^s~twmmMmM i o b & 

SJtt -1. t # t (± , ±IB£^ * rallf 2 ^Xg ( X r >/ 
7°S2) t/c, 04t^nt»10««ll 

1 0 c ^^WMth t i izii , #«f— rSS^^Tt t X. 
K'x^ y J; D T-r 1 1 iSi; D r-r 5 h 

[00 34] *^ffetOff^Hst iixH' , m 1 S0@m»ii3 

*mi5tK±® t L-c«i^-ri. Ig 2 iOS^^ii 4 1 

0it5»;i4*it^rBiii2 (tfiumf—rmmi) m 

bt^Xt^h. 

[00 3 5] ttzwrnhitm b^xhm i ^mvmm 3 
m 2 ffmnmrn a t ms.mz n-mn ^ o ^j: s /^^.^ , 
m 1 3 1 s 2 £7)em*ji4 b iorBsmii^jEE 

[0036] ±ISsOSjg:^ti3l^T{i:, l|2i^®«# 

Ji 4 <7)^B$<7)?sg{± , m 1 3 <7))^cM^o?s 
^x^hM^^bmtu\ ^<nxr,\<zmi<r)mMm 

ii3«^)SBtso?5^&ffi<1-S^tt:J:'9. 

»Ji 3 *i*fSJi 2 ( ^ tz\i-^m^-rmm i ) cot±i!! t 
m-Km-fh z b ^ wM-r s t ^^-c-i , ^ , ® 2 

E 1 2 3 Scorn 2 C0ffi»#ii 4 (?)SHl,cOili«1f (i[tn± 
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L, i^m.m(7ym^hmm^z^£'o . m^^^wAmmj 

c^rmm-tlZbt^X^l. Z<7)i:oiz^S(^mm<7) 

is^mmth zbizx<o. miKmmix^ hbb 
uz-m\.^^^nmm^'tm^mnmMi qa 

OB) ^%hzbt'ix-%h, 
[0 0 3 7] iiK^wmi'Mziiv^xit, m2a^mnm 
m4(7)^pMmmm^mi. m 1 (^mmmm 3 c^)f&mm 
mm-'jf&x 0 m^^^bmit u\ a?s, re 1 2 
s^crMmmmxi±f&mmcrmm^^Eim< tcibmm 

zbmmb^ji. ztnzi:'om2(ommmm4imi 

±Mtf>:J:at:S2(?)®«^Jl4£?)*SB^BOilWtt3&^' 

iRi±t. mmmcom'^mmiz:^j:'o. ^^^mmmrn 
mjcim&t^zt^ti^x'^i. 
[0 0 38] s^, micommmm3t,^wm.mAMbL 
xmm-titz>6. m2(7)immm4ff)^mmM<b 

c ) mmb^st.. 
> [0039] ttz'^ms2mmmmmb^j:^t!:i^^& 

{ I SDffi^Rab i t s (Rolling-Assisted Biaxial 
ly Textured Substrates) S) I^ZX'OBi^^tLfzm^l/Z 

i±. ^mjtmt/^mmmmizmLi^-tK^xi. zcntz 
z(nio^j:^^mi,zifmm<nimim.^^mhz 
tT. i^'o^m'^kz^wjmmt.^tzbiiK'^h. 
[0040] ttzifrnmrnM^zanhRE 1 2 3^cr> 
miiii.tfm2c^imMm3 . Anu-ftimmi^^ 
t^2 0 ' m<^cmi^mx%hzbmf± iw. t 
fz. mm±.mbLxmm-hminmmmm3\i. m 
I mm-i"^. hm'^<^itmti^^j:<xhm\i^tz-tz 

bffiX^h. 
[004 1] 
[HM] 

immi ) =.^yir)],^^T~r (yNxro-Y, mi 0 

mm, m^7 0Mm) tO±tPLD-a (^-^^'^«ffi) 
^fflV^TI SD5£T'lf§2^m<;OYSZ^rBl«^^JlL 

|tl^^LTl.^f^„ iO±(c. H01B2C3O7II&PLD 

El 3. 3 Pa ( = 10 0mTorr) , S«?}iLa3 0 
OcmVi^ ( = 300sccm) , f=ai:^J50W 
( IJ X 5 0 H z ) TS) D . JiKJK^cOh-^jaKSr 9 0 
0°C:<)^^> 1 0 0 OVtXl O'Cm^Xm-^fz. ^cr>^ 
M^. fiffit'O. 0 8MA/cm2 (7 7K, OT) C0<^ 

tt (am J c ) m-:>mti-\z~r&m9 2 owt^. 

tLit „ b - 9 6 0 "CTiiEII^^J^ilfl J c 0 . 0 
7MA/cm2-f'$)0/t„ 

[0042] -^r. |Bia^:^ft-C-b-^S« 9 0 0°Ct 
I Tlxim<7)||l<7)HoiB2C307jK?-)^L?t. -et^O 
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S^,tP«^r^frT'h-^?flJK&9 2 0°C, 94 0 
°C. 9 6 0°C. 9 8 0'Ct^lX^<D±l,Zljj.m<^m2 

9 6 0°CtCi3V^T. 0. 3MA/cm2 (7 7K. 0 
T) (7)#e (ji«i£Jc) ^»oHoiB2C3 07)l*-'# 

[0043] S E M (Scanning Electron Microscope ) 
TWm L/iSSS , ±iicom 2 c?) H o 1 B 2 C 3 O 7 ffifiTl 
c0mic0HoiB2C3O7 Mtib^T . #?f? (C|i-ffi^.-^}t 

[0 044] (||fS0^j2) Tftt^^-v^r/l^^y- 
±^zm 1 c^H oi B2 C3 oim^mmm 1 1 wimizix i 

jL<m<7)ff§-Cb-^iaffi9 2 OT;t;:TII 1 tfOH oi B2 C 

1 //mcDJf ;!^CDSS2CDH oi B2 C3 OvKSrh-^jfl^g 

9 0°C. lOOO-C. 1 02 0''C. 1 0 30°C. 104 

[0 04 5] ^coeS, #li;-C-0. 8MA/cm2 (7 
7 K . 0 T ) , ^iig-C- 1 0 . 6 MA,, c nv ( 7 7 K . 
OT) «tff|4 (mWikJc) J^tl.HoiB2C3 07ll 
/S^h-^iSag 9 0°C^^^ 1 0 2 O'CcOP^TIt'ifl^to 

:.tii^<7^mmmz\±'^^Ki2b. 6Pa 

( = 20 0mTorr) . 3 0 0 c mS /^^ 

( = 300sccm) b Lfz, 
[0 04 6] JrbKtLt. LaA 1 03<7)3-f 
s%mm±m!f O. 8A<mi0HoiB2C3O7 )i&IIJSf?iJ 

2^±lf ^?5H oi B2 C3 07l> |5l-^f4^T-^ML/-cfe 
S,. 1 0 0 0 T:I.:J,±<7)f;liST- 2 ~4 . 6 M A/ c m 

2 ( 7 7 K, 0 T ) J c ) ^^rt-i=K*> 

[0 047] mmms) 7 0 Mm<7)XTy]yx]^ 

Dil.T-7°±tC, J¥§3 0j:/mi?)ag7"-7°^a-^-fl:§ 

^f^T-rmm (Bi 0mm) (7)|gT-ri7)fflfflt=PL 

Da(^-f^«ffi) ^ffll^T. HoiB2C3 07|gJ;D 

16° W2ttE[li]'ffi&^r-r§4;t0^fSfflLTfcD, 
t?)|,Rabitsi£fmL^C„ fi!iM*ffi±, iS*5tEl 3. 
3Pa(=100mTorr), MM'^A 1 0 0 c 
/:^M = 1 0 0 s c c m) . l^-'ftatl 1 0 OW { IJ 
xlOOHz) . ^)l^C0h-^jaS9 0 0'Ct:'$)o 

ei*l;jI^SJc{±0. 3MA/cm2 (77K, 0 
T) Th-yfz. 

[0 04 8] mi<^mm»m±iz^^^zPLDmim^^ 

X. HoiB2C3 07llj; 05:I.S2(7)S€#Jl&lx/m 

com^x!S.muz, f&m^mi. ffi»^>j±2 6. spa 

( = 2 0 0mTorr) . ll*}tfi 1 0 0 c /ij- 
(=100sccm) , Ix— if ai^J lOOWdJxl 
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OOHz) , fSjmc0h~i?^^m9 4 O'CXh-o fz. .1 

« t # CO® 2 (7)mnmmcom\Hm\^mi 12 - xh-y 

fz,$mLfzm^'mim^Jc{i.O. 4MA/cm 

M7 7K. OT) xh-^tztK ^tT^m^'mms.j c 
urn 1 <nmmmm t m 2 (Dmmmm t (7ym^m&mm 
J c (^^trnt^^-ox t5^.m2 <?)mmmm<mvM 

^r€?^^SJc(±0. 6MA/cm2 (7 7K. OT) 

tim^tifz. 

[0049] ^mmxi±. ^~rmu±iztprsm^jm 
[00 5 0] 'i-mm^^^rLtzmmmmhi^ immmii 

i^ii^^^ TJ)!) . *^Bgi?3lElli±±iBt/-cijiBJT1i^: 

<xmmm(7)mmizX'ox^.^ii. mm^mmt 

[00 5 1] 

[^B^ioj!)*] i^iiifMHHL;^^ J; d iz:^mmmmmm 
m}iXt/i(^mMi7mzi:tni. mimmmMtm 

cr)±mjimmMkt?., z y m±i-i z t ¥x^ i z 
30 mzx*), m2c7)mmmt'±m-~rmmbmm.m 
^hzt m±x'% . fit mwmm)^i^^hmm 
mmmmnhztffixb-^.-. 
[0052] tfzmm^mt^xhmi (riimmmm 
2(onmmmbmmm-mni.^ts:hi^>^. mi 

[HI] ^wMco-mmmm ^zmi mmmmmm 
i^<Dmf&^:mm^iZ7^-t^mmmwmx'h i . 
40 [02] mmmmmm^Mmmm«&mz^-t 
mmmmmx$,:^. 

[03 ] 01 mm-^^mimLfzmmmmm 
WMmmmmz^i-mmmmimxh i . 
[04] mf—riM-^ituzmf—rmiRm 
v\ ^mmi'Mv^Lfzmmmmmmmmmmmiz 
^■tmmmimmxh^. 
[05] ^m^m-mmmm^zmmmmmm: 

[ff^toi^BJ] 

50 1 ^m^-rm.. 2 4i|^Jf. 3 ®i^o0«^ 
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F^'-A(##) 4K02g AA02 AA25 BA02 BA08 BB02 
BC04 CAOl 
5G321 AA02 AA04 CA21 CA24 CA27 
CA28 CA38 DB36 DB37 DB39 
DB47 
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